The effect of starter culture and chemical acidulation on the growth and enterotoxigenesis of Staphylococcus aureus strain S-6 in Italian dry salami under commercial manufacturing conditions was studied. The experimental design included two levels of S. aureus (104 and 105/g), three levels of starter culture (0, 105, and 106/g), three levels of initial pH (pHo) (6.1, 5.5, and 4.8), two manufacturing plants, and three replications. S. aureus growth in the salami was affected significantly (P < 0.005) by pHo, initial levels of S. aureus (stapho) and lactic acid bacteria (LABo), day of fermentation, and by the interactions of pHo x day, pHo x LABo, LABo x stapho, pHo x stapho, and pHo x location of fermentation. In general, the lower the pHo and the higher the LABo, the greater the inhibition of S. aureus. The LAB levels during the fermentation were affected significantly (P < 0.005) by pHo, LABo, day of fermentation, location, LABo x pHo, and LABo x day. Derived regression equations related level of S. aureus and LAB at any day of fermentation to a number of microbiological and chemical variables. Close similarity of observed and predicted levels of S. aureus and LAB growth demonstrated the usefulness of the experimental approach in evaluating the safety of a process. No detectable enterotoxin or thermonuclease was found at any stage of processing even when S. aureus reached levels of 107/g of salami.
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In fermented sausages, lactic acid bacteria (LAB), either naturally present or added by the manufacturer, convert carbohydrates to lactic acid and small amounts of other metabolites. A successful fermentation is required not only to yield a desirable product, but also to prevent the growth of undesirable organisms, particularly food-borne pathogens.
Although fermented sausages have been consumed for many years, only recently have they been associated with staphylococcal food poisoning (2) (3) (4) (5) . These outbreaks have made necessary the reexamination of current manufacturing practices, especially for products which do not receive any heat treatment.
Since the safety of fermented dry sausage relies on the rapid growth of LAB and a rapid pH decrease to minimize the risk of staphylococcal growth, particular interest has been given to practices which assure large initial numbers of LAB, rapid decrease of the pH, and low numbers of Staphylococcus aureus in the ingredients t Present address: Agricultural Bank of Greece, Athens.
: Present address: Ralston Purina Co., Checkerboard Square, St. Louis, MO 63188. used for the sausage formulation.
Many investigators have examined the effect of LAB and chemical acidulation on the ability of S. aureus to -initiate growth and produce enterotoxins. These investigations have been conducted for meat slurries (15) , liquid cultures (12, 13) , and simulated sausages under laboratory conditions (1, 6, 14, 19) . Growth of S. aureus in commercially prepared products, however, is difficult to predict because little information is available on the effect of the numerous processing parameters on the growth of staphylococci (17, 24) .
Data on the technology and safety of Italianstyle dry salami manufacturing are limited (10, 11, 16) . In a previous study, we evaluated the ability of a number of actively growing S. aureus strains to initiate growth and produce enterotoxin during the commercial manufacturing of this type of sausage (16) . The present investigation studied the effect of starter cultures and chemical acidulation on the growth and enterotoxigenesis of staphylococci in Italian-style dry salami produced under commercial manufacturing conditions.
MATERIALS AND METHODS
S. aurew and starter culture inocula. Two levels of S. aureus strain S-6 of approximately 104 and 105 cells per g of sausage mix were used. The cultures were prepared and handled as described previously (16) . A Lactobacillus sp. isolated from salami and shown to be the major contributor to commercial fermentation was used as a starter culture at three levels (0, 105, and 106/g of sausage mix). The preparation and handling of the starter culture were described previously (16) .
Adjustment of initial pH of sausages. To adjust the initial pH (pHo) of sausage mix to 5.5 or 4.8, 0.4% or 1% glucono-delta-lactone (GDL) powder (Griffith Laboratories, Los Angeles, Calif.), respectively, was added to the mix at the time the S. aureus and the starter cultures were added. The required amounts of GDL were determined from a standard curve relating amounts of GDL added to the pH o of sausage.
Sausage formulation and processing. The average sausage formulation and preparation were the sanme as reported previously (16) . Sausage mix needed for the inoculation studies was removed from the production area to a laboratory which was completely separated from any production area of the plant. The mix was divided into batches of 11 (16) .
Statistical methods. The experiments were arranged in a factorial design (22) with two levels (approximately 10' and 105/g) of S. aureus, three levels of starter culture (0, 105, and 106/g), two levels of pHo (6.1 and 5.5), two different plants (plant A and plant B), and three replications. Another set of experiments was conducted by using pHo 6.1 and 4.8, whereas the other variables remained unchanged. These experi-*ments were not replicated.
The main effect and interactions of the variables on S. aureus and LAB growth were evaluated by using biomedical computer programs (7) Fig. 2 . Addition of increasing amounts of GDL to the salami mix resulted in a faster decrease and lower levels of pH during the first 24 h of incubation. There was no difference in pH among finished salamis without GDL (pHo 6.1) and those with 0.4% GDL (pHo 5.5). Finished salamis with 1.0% GDL (pHo 4.8) had a slightly lower pH than those without GDL or with 0.4% GDL.
Rates of change of dehydration, a,, brine, and lactic acid under all tested combinations are shown in Fig. 3 for plant A and in Fig. 4 The finding that the addition of GDL inhibited the growth of LAB differed from the findings reported by other workers (18, 21) . T.hese workers indicated that the addition of GDL either had no effect on the normal bacterial flora of the sausages (21) or favored the growth of the normal flora because GDL made the conditions favorable for the lactobacilli (18) . This difference may be explained by variation in the natural flora of the different types of sausages studied and the amount of GDL used.
S. aureus strain S-6 was selected for this study becat.se of its relatively greater resistance to fermentation variables as compared with that of other enterotoxigenic strains studied previously (16 since, even at day 0 of fermentation, the staphylococcal counts were lower than the number inoculated initially.
Starter culture used in these experiments significantly affected the growth of S. aureus at all levels used. The higher the initial level of inoculated starter, the greater the inhibitory effect on S. aureus growth. Whether this inhibitory effect was due solely to a decrease in pH or to the production of other inhibitory substances or both cannot be clarified with the available data.
GDL is used as a food acidulant because it slowly hydrolyzes to gluconic acid in the presence of water. In our studies, addition of 0.4% or 1.0% GDL to salami mix affected the growth of S. aureus in the presence or absence of inoculated starter culture at fermentation temperatures of 16 to 26°C. These results are in agreement with data reported by other workers (1, 20) . Recent studies by Genigeorgis et al. (unpublished) on the effect of GDL upon certain characteristics of Italian-style dry salami fermentation indicated that, of the major flora of the salami, growth of salt-tolerant cocci was especially sensitive to inhibition by added GDL.
Daly et al. (6) found that the use of GDL (0.75%) and citric acid (0.1%) in simulated sausages initially inhibited staphylococcal growth at 37°C. After 25 h of ferrnentation, there was a significant increase in viable staphylococci, and, eventually, the numbers of S. aureus in the experimental sausages were the same as those in the controls. When these workers used fermentation temperatures of 30°C or 21°C, however, they found that there was a 34.3% or 97.2% inhibition, respectively, as compared with the growth of S. aureus in the control sausages.
In this study, higher initial levels of S. aureus allowed growth to higher numbers under adverse conditions than did lower initial levels. Significant effects on staphylococcal levels (P < 0.005) were exhibited by the interactions of pHo x day of fermentation, pHo x stapho, pHo x LABo, LABo x day, LABo x stapho, and pHo x location of fermentation and ripening (plant A versus plant B).
No enterotoxin was detected in any of the samples taken during the fermentation or ripen- ing period of the salami. The maximum number of S. aureus found in the samples was 107/g of salami. These results were similar to those reported by Tatini et al. (24) . These (17) reported that the starter culture used in their study (lactobacilli and microcci) had an inhibitory effect on S. aureus growth only when staphylococcal inoculum was smaller than starter inoculum and that the starter culture used prevented the formation of detectable levels of enterotoxin. Metaxopoulos et al. (16) were unable to demonstrate detectable levels of enterotoxin in Italianstyle dry salami inoculated with four strains of S. aureus even when S. aureus grew and reached 108 cells per g of salami. It has been reported that although lactobacilli alone do not inhibit growth of S. aureus, they can exert an inhibitory effect of enterotoxin production (13) .
In a previous study (16) , we found that the commercial fermentation of Italian dry salami did not inhibit production of thermonuclease by S. aureus strain S-6. In this study, strain S-6 at similar levels of initial inoculum grew less and produced no detectable levels of thermonuclease. We suspect that this is because of the greater inhibitory effect exerted upon staphylococci by the more actively growing starter inoculum used in this study compared with the natural starter (finished sausage) used in the previous study. Gradually declining numbers of LAB in finished salami may indicate debilitation of the organisms by low pH, high brine concentration, and dehydration (16; Fig. 1 The use of 105 cells of fresh LAB starter culture per g of sausage and addition of 0.4% GDL (pH 5.5) appeared to be an effective combination under the conditions studied. This combination did not affect the chemical and microbiological qualities of the sausages, but it did inhibit the growth of S. aureus at both levels of the inoculum. Higher levels of GDL have a definite inhibitory effect on the growth of LAB found in Italian dry salami (Genigeorgis et Table 1 .
delayed for about 12 h in plant A.
Processing conditions in plant B were slightly less conducive to growth of the starter LAB than those in plant A (Table 3 ) based on the two developed regression equations for LAB. Such decreased activity of LAB in salami incubated in plant B possibly contributed to the better growth of staphylococci in these salamis as compared with those incubated in plant A ( Table 2) .
Although the developed equations for staphylococci and starter culture are applicable only to a specific sausage type and size and to the manufacturing process studied, they provide basic information and approaches which can be utilized by the industry in solving production problems. This is especially true with products for which standards of identity have been developed.
